Objectives The aim of the study was to evaluate the proximity of the mandibular third molar (M3) and the inferior alveolar canal (IAC) in a panoramic radiograph of 20-year-old subjects. The specific aim was to assess differences in this proximity over time. Materials and methods Two similar samples of panoramic radiographs taken in a routine oral health examination with 20-year time interval were examined retrospectively and images with both mandibular M3s were included. The material consisted of 300 subjects (25% men, mean age 20.5 ± 0.6 years). The radiographic relationship between the mandibular M3 root and the IAC was assessed as follows: the M3 root was either apart from, tangential to, superimposed with, or inferior to the IAC. Differences between frequencies were tested using the chi-squared test. Results In the combined samples, only 16% of the M3s located apart from the IAC, 15% located tangential to, 61% superimposed with, and 8% inferior to the IAC. The proportion of the intimate locations had increased during the 20-year time interval from 79 to 88% (P < 0.01) and especially in females (P < 0.05). Conclusion The vast majority of the mandibular M3s situated very close to the mandibular canal. Clinical relevance Our results suggest that in the cohort of 20-year-old non-extraction subjects, most of the M3s are possibly at risk for inferior alveolar nerve injury at removal, as judged from the panoramic radiograph, and also the number of such teeth has increased over the 20-year period.
Introduction
Inferior alveolar nerve (IAN) injury is an unusual and unpleasant complication of mandibular third molar (M3) extraction. This injury can lead to different levels of sensory impairment, from pain sensitization to total numbness. Former studies report the incidence of the risk range for reversible nerve injury to be from 0.35 to 6.3%, and for permanent injuries, i.e., those lasting longer than 6 months, less than 1% [1] [2] [3] [4] [5] .
Before removing the mandibular M3, the anatomic relationship between the tooth and the inferior alveolar canal (IAC) is evaluated by viewing a patient's panoramic radiograph, which is the most common preoperative radiologic examination before extraction. In the literature, radiographic signs in panoramic radiography are addressed to predict IAN injury during mandibular M3 surgery [6] . The most important risk factor is the superimposing of the root and the nerve canal with one of the following features: (1) interruption of the superior cortical line of the IAC, (2) diversion of the canal, or (3) darkening of the root. Also, when at least one of the root tips extends inferiorly to the inferior cortical line of the canal wall, paresthesia occurs significantly more frequently [7] . It is also assumed that when the structures are apart from each other, paresthesia is not likely to occur. Female patients appear to suffer from IAN injury related to M3 removals more often than male patients [7, 8] , yet some authors state that gender is not significantly associated with IAN injuries [4, 5] . In addition, female patients are more likely to have contact between mandibular M3 and IAC on cone beam computed tomography (CBCT) when their panoramic radiograph shows an absence of the white cortical line [8] .
Overlapping of the mandibular M3 root and IAC plays an important role in nerve injury [1-4, 6, 7, 9] . Studies in this research area usually comprise patients requiring the removal of one or more mandibular M3s. However, to our knowledge, no previous study has elucidated the relationship between mandibular M3 root and IAC in non-extraction subjects, i.e., those not in a queue for extraction.
The purpose of this study was to examine the radiographic relationship of mandibular M3 and IAC in a non-extraction cohort of 20-year-old subjects. We examined how often the mandibular M3 root is apart from, tangential to, superimposed with, or inferior to the IAC in a panoramic radiograph. The specific aim was to examine two similar samples taken in the years 1982 and 2002 to determine possible changes with time.
Materials and methods
We conducted a retrospective study of existing panoramic radiographs of two similar samples taken in 1982 (group 1) and in 2002 (group 2). Both of the materials were collected for earlier longitudinal studies of oral health carried out at the Finnish Student Health Service (FSHS) in Helsinki, Finland [10, 11] . The subjects were not in a queue for extraction of M3s, hence the term non-extraction, but after the examination, they were given recommendations for all needed dental care including M3s. From the original material, only radiographs with both mandibular M3s were selected for this study to get similar numbers of left-and right-sided teeth. From the group 1, all 137 eligible panoramic radiographs were available for the present study. From the group 2, 163 of the 170 panoramic radiographs with both mandibular M3s were available, as a few radiographs had been sent to attending dentists.
When gathering the materials in 1982 and 2002, every firstyear student at the University of Helsinki was routinely invited to a free oral health examination at the FSHS. Panoramic radiographs were taken as part of normal dental care. Inclusion criteria into the original longitudinal studies were that all firstyear students born in Helsinki in 1961-1962 (group 1) or in 1981-1982 (group 2) and living in Helsinki at the time of the examination were invited. Students came from several faculties.
Imaging and evaluation of images
In 1982, panoramic radiographs were taken with an Orthopantomograph OP-3 SE (Palomex, Instrumentarium Oy, Tuusula, Finland), and in 2002 with either Planmeca Promax 2D (Helsinki, Finland) or Soredex Cranex (Tuusula, Finland). Film panoramic radiographs of both groups were examined on an illuminated desk by the first author. Both materials were examined twice with a time interval of at least 1 week.
The relationship between the IAC and the mandibular M3 root was investigated in accordance with Szalma et al. [7] and Nakamori et al. [12] , with slightly modified categories. The relationship of the structures was classified as follows: (1) mandibular M3 and IAC are apart (≥ 1 mm) from each other, (2) the root tip is adjacent to the upper cortical line of the IAC and the structures are seen as tangential, (3) mandibular M3 root and IAC are superimposed as the root tip extends inferiorly to the superior cortical line of the IAC, and (4) mandibular M3 root and IAC are superimposed and the root tip extends inferiorly to the inferior cortical line of the IAC. If the root was not yet completely formed, the distance was measured from the radio-opaque line of the root follicle to the superior cortical line of the IAC. Distances were measured with a ruler when needed, and magnification of images (1.3) was not taken into account. When disagreement arose about the relation of the structures between the first and second reading, the image was evaluated a third time to ascertain the status.
Ethical considerations
Panoramic radiographs had been taken as part of routine dental care. Exposing patients to x-rays merely to gather study data is not ethically acceptable. The original study was carried out with the ethical approval of the institutional review board of the Finnish Student Health Service in Helsinki, and the students were informed beforehand of their right to refuse to attend the examination.
Statistical methods
Cohen kappa statistic was used to judge intra-observer agreement. The kappa (κ) values were used in accordance with Szalma et al. [7] , Nakagawa et al. [8] , and Ghaeminia et al. [13] as follows: κ value < 0.40 was considered poor agreement, 0.40-0.59 fair agreement, 0.60-0.74 good agreement, and 0.75-1.00 excellent agreement. κ values were calculated from the two readings of the entire material. κ value for group 1 was 0.75 and for group 2 it was 0.79; both were excellent agreements. Chi-squared statistics were used to test the differences between frequencies among the two groups and among men and women. The level of significance was set at P < 0.05. The subgroups possibly at risk for nerve injury (tangential, superimposed, and inferior) were analyzed both separately and combined. Excel® spread sheet program (Microsoft Corporation) and PASW® (Predictive Analytics SoftWare, IBM Corporation) were used in calculating the statistics.
Results
Demographic features of the subjects are shown in Table 1 . A total of 600 mandibular M3s were examined in the 300 panoramic radiographs. No significant difference between left and right sides emerged, and therefore, the teeth were analyzed together.
The majority of the teeth (61%) in both groups combined were superimposed with the nerve canal and an additional 8% extended below the IAC (Fig. 1) . A significant difference between groups 1 and 2 was found in relation to the proportion of M3s apart from the IAC and this proportion was larger in group 1 than in group 2 (21 vs. 12%, χ 2 = 10.079, P < 0.01). Correspondingly, the number of teeth in the combined group of tangential, superimposed, and inferior locations had increased during the 20-year time interval from 79 to 88% (χ 2 = 10.021, P < 0.01). When comparing the variables between men and women, significant differences were detected in group 1 but not in group 2 (Table 2) . In group 1, mandibular M3s were more often superimposed with the IAC in women compared with men (P < 0.05; Table 2 horizontal comparisons).
When comparing the variables between the two groups, i.e., at two different time points, no significant differences were present for teeth of males. However, females had more teeth apart from IAC in group 1 than in group 2 (P < 0.05; Table 2 vertical comparisons). Consequently, more teeth of females were in the combined group of tangential, superimposed, and inferior in group 2 than in group 1 (P < 0.05; Table 2 vertical comparisons).
Discussion
Our main result was that in these non-extraction cohorts, most of the mandibular M3s (84%) were located tangential to, superimposed with, or inferior to IAC and, therefore, were possibly at risk for nerve injury if extracted. In addition, the number of such teeth had increased during the 20 years from 79 to 88%.
In most cases, the panoramic radiograph is the first and only radiograph taken before the removal of M3s. Based on information from the panoramic radiograph and computed tomography (CT) scan and verified during surgery, the IAN was exposed in the socket if the root was superimposed at the lower half or inferiorly to the canal or in the absence of cortication or a periodontal membrane space on a panoramic radiograph [14] . In our study, 69% of the teeth were superimposed with or inferior to the canal and, therefore, possibly at risk for nerve injury. However, referral of all such subjects to preoperative three-dimensional (3D) scan is not justified. The indications for CBCT are presented in the Sedentexct guidelines [15] : BWhere conventional radiographs suggest a direct inter-relationship between a mandibular third molar and the mandibular canal, and when a decision to perform surgical removal has been made, CBCT may be indicated.^The direct inter-relationship refers to the features presented by Rood and Shehab [6] : darkening of the root, interruption of the canal wall, and diversion of the canal. These inter-relationships were not examined in our study.
Even if the panoramic radiograph shows a close relationship between mandibular M3 and the IAC, there might not be a true anatomic contact between the structures in the 3D image. In the study of Nakamori et al. [12] , a CT image was taken after the evaluation of a close relationship in panoramic radiography. In the CT images, only 40% of the teeth showed an absence of cortication and true relationship. Similarly, according to Susarla and Dodson [16] , 80% of mandibular M3s were at increased risk for nerve injury after examining the panoramic radiographs. Additional imaging with CT decreased the risk to 33%. However, our study represents subjects not indicated for surgery, and still a similar proportion (84%) of M3s possibly at increased risk for nerve injury was yielded according to the panoramic radiograph.
The study of Neugebauer et al. [17] showed that the vertical information of the location of the M3 root tip is good in plain radiographs, but horizontal localization is better in CBCT images than in plain films. Therefore, our vertical measurements from panoramic radiographs are anticipated to be reliable. On the other hand, our panoramic radiographs were taken with three different machines which may slightly impact the results. Technical development of machines is fast and it is not possible to use the same machine over 20 years. The proportion of images taken with the last mentioned machine was minimal, as the devices were just exchanging. However, examinations and also clinical decisions are made according to the panoramic radiographs available at each time.
Our results from group 1 showed that female M3s were significantly more often superimposed with or inferior to the canal than male M3s. This result is in accordance with previous results suggesting that female patients suffer from IAN injury more often than male patients [7] . Nevertheless, the findings for group 2 show agreement with other studies indicating that gender has no impact on the relationship between the two structures and no association with the risk of nerve injury [4, 5] .
Results of our study showed that over 20 years, the anatomy in the M3 region has become more problematic. In female subjects, mandibular M3s seem to be closer to the IAC than before. What lies behind these changes is not easily explained. No previous studies exist comparing the distance between M3s and IAC between cohorts in different decades and verifying our detection. This change towards a more difficult anatomical relationship may not be easily detected in surgical patient samples; however, it could be observed in our nonextraction material examined at two time points. Extraction patterns in our country are assumed to be similar through this time period as most M3s are extracted between 20 and 38 years of age [10] . Although in the 1980s every impacted M3 was indicated for removal, the extractions did not began until after the age of 20 years.
Our cohort was taken from the capital of Finland, and therefore, it may be that subjects born in the capital and studying at the university have higher oral health status than subjects in towns and rural areas. Subjects with higher oral health status presumably have mostly full dentitions. It has been shown that a missing tooth anterior to the M3 substantially enhances the possibilities of eruption, and thus, a third molar may move upwards away from the mandibular canal [18, 19] . Furthermore, three-fourths of our subjects were women that are known to be good at taking care of their teeth. For these two reasons, the results of our cohort cannot completely be generalized to all people.
A weakness of our study derives from the inclusion criteria of having both mandibular M3s, with only 55% (group 1) and 59% (group 2) of invited subjects represented. The number of missing permanent teeth should have also been taken into account. A strength of the study comes from the homogeneity of the cohorts with respect to age, gender, and background. The weakness is also neutralized by the unique design of two similar cohorts with a 20-year time interval and by the nonextraction characteristics of the subjects. In the literature, it is common to analyze M3s of subjects referred to an oral and maxillofacial unit, and therefore, the samples may include more difficult cases than occurring in the majority of young adults. Our material was collected for longitudinal studies of oral health and not selected to include only subjects in a queue for surgery, and, therefore, represents a neutral cohort.
In summary, the proportion of M3s in a non-extraction population is closer to the mandibular canal than 20 years ago. It may be that subjects with M3s closer to the mandibular canal are at increased risk for nerve injury during M3 extraction, so that an extraction of these M3s should carefully be prepared and carried out.
